is extremely toxic in mouse models (3) . In fact, the effects of Acr on lung carcinogenicity in mouse models have not been assessed due to excessive death of Acrexposed mice (3) . Nonetheless, it has been shown that intraperitoneal injection of Acr cause bladder tumors in rat models (4) (5) (6) (7) . Acr is a major metabolite of antitumor drugs cyclophosphamide and ifosfamide. Metabolically produced and inhaled Acr is excreted in urine and accumulated in the bladder (5, 6) . It has been concluded that Acr is the culprit of bladder cancer in patients who have been administered cyclophosphamide and ifosfamide in long term treatment protocols (4) (5) (6) (7) .
Acr induces α-and γ-hydroxy-1,N 2 -cyclic propano-2'-deoxyguanosine (α-OHAcr-dG and γ-OH-Acr-dG) adducts in human cells (8) . It has been found that both types of Acr-dG adducts are mutagenic and that they induce mainly G to T and G to A mutations (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . By mapping Acr-dG adduct distribution at the nucleotide level in Acr-treated normal human bronchial epithelia (NHBE), we have found that the Acr-DNA binding spectrum in the p53 gene coincides with p53 mutational spectrum in lung cancer (19) . Since Acr is abundant in tobacco smoke and its level is up to 10,000-fold that of benzo(a)pyrene (20, 21) , we concluded that Acr is a major lung carcinogen. This conclusion is consistent with the finding that lung cancer is the number one cancer death in Taiwanese women, and yet only 5% of these women are tobacco smokers and that lung cancer incidence was greatly reduced in Taiwanese women in households that were equipped with fume extractors (22) (23) (24) (25) (26) . These results strongly suggest that Acr-rich cooking fumes are involved in lung carcinogenesis.
In order to further understand the role of Acr in lung carcinogenicity, we examined how Acr-dG adducts are processed in NHBE and normal human lung fibroblasts (NHLF). We found that the Acr-dG adducts are poorly repaired in both Acr treated NHBE and NHLF. However, cell lysates from untreated NHBE and NHLF are competent in repair of Acr-dG adducts, whereas cell lysates from Acr treated cells are not. In searching for the mechanisms by which Acr inhibits DNA repair we found that 1) Acr inhibits nucleotide excision repair (NER), base excision repair (BER) and mismatch repair (MMR); 2) Acr causes the reduction of XPA, XPC, hOGG1, MLH1 and PMS2 proteins, and that this Acr-induced protein reduction can be prevented by a proteasome inhibitor; and that 3) Acr does not change the expression of these repair genes. Based on these results, we conclude that Acr modifications of DNA repair proteins, which trigger proteasome-mediated protein degradation, leading to reduced DNA repair activity. Consistent with this conclusion, we also found that Acr treatment enhances bulky DNA damage and oxidative DNA damage induced mutagenesis. These results indicate that Acr has two detrimental effects: it induces DNA damage and inhibits DNA repair. We propose that these effects contribute to Acr mutagenesis and carcinogenesis.
EXPERIMENTAL PROCEDURES
Cell Culture, Acr treatment and genomic DNA isolation. NHBE were cultured in medium provided by Lonza (Basel, Switzerland). NHLF and lung adenocarcinoma cells (A549) (American Type Culture Collection, Manassas, VA) were grown in MEM supplemented with 10% FBS and DMEM supplemented with 10% FBS, respectively.
Human NERdeficient XPA cells (GM05509) (National Institute of General Medical Sciences, Human Genetic Cell Repository) were grown in MEM supplemented with 15% FBS. Acr stock solutions (Sigma-Aldrich, St. Louis, MO) were prepared freshly before use. Cells at 70% confluency were washed with PBS buffer (137 mM NaCl, 2.7 mM KCl, 8 mM Na 2 HPO 4 , 1.46 mM KH 2 PO 4 , pH 7.0) and treated with different concentrations of Acr (0-250 µM) in serum free culture medium for 6 h at 37°C in the dark. To determine Acr-dG adduct repair, cells were treated with 100 µM Acr for 6 h, and then incubated at growth medium for different time. This treatment induced 50 to 90% of cytotoxicity in NHBE and NHLF, respectively. It should be noted that 50 µM Acr is equivalent to Acr concentration in lung tissue in an individual who has smoked 10-20 cigarettes (20) . The Acr cytotoxicity was determined by WST-1 method as previously described (27) . After treatment, the genomic DNA was isolated as previously described (19, 27) . Acr modification of supercoiled plasmids and UvrABC incision assay of Acr-dG adducts.
Supercoiled pGL3 and pUC18 plasmids, purified as described previously (14, 19) , were modified with different concentrations of Acr (0-5 mM) for 24 h at 37°C and purified by repeated phenol and diethyl ether extraction; the DNA was then precipitated with ethanol and dissolved in TE (10 mM Tris-HCl, pH 7.5, 1 mM EDTA) buffer. Methods for UvrA, UvrB, and UvrC protein purifications, UvrABC nuclease incision assays, and separations of the resultant DNA, were the same as previously described (14, 19, 27) . Acr-DNA adduct analysis by two dimensional thin layer chromatography/high performance liquid chromatography (2D-TLC/HPLC). The 2D-TLC/HPLC method was the same as described previously (14, 19, 27) . Genomic DNA was purified from Acr-treated cells (0-100 µM) and Acr-DNA adducts were analyzed by the 32 P postlabeling and the 2D-TLC method on polyethyleneimine cellulose sheets (Anatech, Newark, DE) and followed by HPLC (14, 19, 27) . Host cell reactivation (HCR) and in vitro DNA damage dependent repair synthesis (DDR). Methods for isolation of plasmid luciferase plasmid pGL3, pSV-β-galactosidase, pUC18, pBR322, the HCR assay, and DDR assay, were the same as previously described (19, 27) . Mismatch repair (MMR) assay. The effect of Acr treatment on MMR was analyzed in HeLa cells using a functional in vitro MMR assay (28, 29) . Using HeLa cells is out of necessity as the current in vitro MMR assay can be only performed in nuclear extracts, which require a relative large quantity of cells. Exponentially growing HeLa cells (2x10 9 ) were treated with Acr (200 µM) for 3 h before harvesting for nuclear extract preparation as described (28, 29) . MMR activity was determined by incubating the nuclear extract (100 µg) with a mismatchcontaining circular plasmid as described (28, 29) . Mutation assays. The methods used for supF mutation detection was the same as previously described (14, 19, 27) . Briefly, shuttle vector pSP189 plasmid DNA was irradiated by UV (1500 J/m 2 ), treated by H 2 O 2 (100 mM, 37 o C for 30 min) or modified by benzo(a)pyrene diol epoxide (BPDE) (15 µM, at room temperature for 2 h) and transfected into Acr-treated NHLF for replication. Plasmids were recovered 72 h after transfection, and replicated plasmids were then transformed into MB7070 E. coli indicator cells. The mutation frequency is determined by the number of mutant white colonies divided by the number of total colonies.
Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNAs were extracted using the PureLink TM RNA Mini Kit (Invitrogen). Reverse transcription was performed on 1 µg of total RNAs using the SuperScript TM III First-Strand Synthesis System (Invitrogen) at 50°C. Quantification of mRNA levels was carried out by PCR on GeneAmp PCR System 9700 apparatus (Applied Biosystem). Briefly, 10 ng of cDNAs were amplified using 0.2 µM primers and 1X GoTaq Flexi DNA polymerase Mix (Promega). Repair protein detections. The levels of repair proteins, XPA, XPC, hOGG1, Ref1, MLH1, MSH2, and PMS2 were detected by Western blotting.
Briefly, following treatment with Acr, cells were washed in PBS and lysed by RIPA buffer (25 mM TrisHCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) and a cocktail of protease inhibitors [10 µM aprotinin, 10 µM pepstatin A, 10 µM leupeptin and 1 mM phenylmethylsulfonyl fluoride (PMSF)]. Proteins (50 µg) were quantified according to Bio-rad protein assay kit (Bio-rad) and separated by SDSpolyacrylamide gel electrophoresis (SDS-PAGE). Proteins were then transferred to a nitrocellulose membrane and blocked for 1 h at room temperature in TBS-T with 5% nonfat milk. Western blots were probed with the primary antibodies: anti-XPA (1:500), anti-XPC (1:500) (Santa Cruz Biotechnology, Santa Cruz, CA), antihOGG1 (1:500) (Novus Biologics), anti-MLH1 (1:500), anti-PMS2 (1:500) (BD Pharmingen, BD Biosciences), anti-MSH2 (1:500), anti-Ref-1 (1:500) (Santa Cruz Biotechnology, Santa Cruz, CA) and anti-α-tubulin (1:1000) (Calbiochem) in TBS-T with 5% non-fat milk overnight at 4°C. Horseradish peroxidase-conjugated secondary antibodies (1:5000) (Santa Cruz Biotechnology, Santa Cruz, CA) were then added in 5% non-fat milk for 2 h at room temperature. Proteins were detected using the ECL plus chemiluminescence kit (PerkinElmer, Boston, MA) and films (Fuji medical X-ray film, Düsserldorf, Germany) were scanned with a Laser Scanning Densitometer (CanoScan 8800F).
RESULTS
The formation and repair of Acr-dG adducts in NHBE and NHLF. It has been long established that γ-Acr-dG adduct is the major adduct formed in DNA modified with Acr under neutral pH (8) .
However, recently Hecht's laboratory reported that the ratio of α-and γ-Acr-dG adducts detected in human lung tissues varies dramatically among individuals (30) . We, therefore, examined the types of Acr-dG adducts formed in primary cultured NHBE and NHLF by 32 P post-labeling 2D-TLC and HPLC methods (14, 19, 27) . Results in Fig.  1A and 1B show that α-and γ-Acr-dG adducts are the two isomeric Acr-dG adducts detected in Acr-treated NHBE and NHLF, that both types of adducts are formed in a dose dependent manner, and that the level of γ-Acr-dG adducts is much higher than the level of α-Acr-dG adducts. We then determined how α-and γ-Acr-dG adducts are processed in Acr-exposed human cells. Results in Fig. 1C show that both types of Acr-dG adduct were not significantly repaired in either NHBE or NHLF in 2-24 h. The lack of repair of AcrdG adducts in Acr-treated cells was further confirmed by UvrABC sensitive site determination. Previously, we found that E. coli nucleotide excision repair enzyme complex, UvrABC nuclease, is able to incise Acr-dG adducts formed in DNA fragments specifically and quantitatively (14, 19) . Therefore, we determined the UvrABC sensitive sites formed in the genomic DNA of Acr-treated NHBE and NHLF after different incubation time. The results in Fig. 1D show that most, if not all, UvrABC sensitive sites remain even after 24 h of incubation. It is worth noting that 50% of NHBE and 10% of NHLF are viable after Acr treatment (100 µM, 6 h). Therefore, these results indicate that both types of AcrdG adducts are not repaired in Acr-treated NHBE and NHLF. We then determined the competency of NHBE and NHLF in repair of UV-induced DNA damage. NHBE and NHLF were irradiated with 20 J/m 2 , which induces a similar amount of UvrABC sensitive sites as Acr-treatment, and the UvrABC sensitive sites formed in the genomic DNA after different incubation time were detected the same as in Fig. 1D . Results in Supplementary Fig. S1 show that the majority of UV-induced UvrABC sensitive sites are repaired after 8 h incubation indicating that NHBE and NHLF are NER proficient.
Nucleotide excision repair (NER) is
the pathway responsible for repair of α-and γ-Acr-dG adducts. The results that Acrtreated NHBE and NHLF were unable to repair Acr-dG adducts seem counterintuitive since Acr-dG adducts are substrates of E. coli NER enzyme UvrABC nuclease and that NHBE and NHLF are NER proficient (Supplementary Fig. S1 ) (14, 19) . Two possibilities could account for the lack of Acr-dG repair in Acr-treated NHBE and NHLF: 1) the NER system in human cells is incapable of repairing Acr-dG adducts; and 2) Acr treatment inhibits NER. To distinguish between these two possibilities, cell lysates isolated from NHBE and NHLF without Acr treatments were used to carry out in vitro repair synthesis using Acrmodified DNA as substrates. As shown in Fig. 2A & 2B , NHBE and NHLF cell lysates are competent at carrying out Acr-dG adduct-dependent repair synthesis. In contrast, cell lysates isolated from NERdeficient XPA cells are unable to carry out Acr-dG adduct-dependent repair synthesis. These results indicate that the NER system in NHBE and NHLF is able to recognize and repair Acr-dG adducts. This conclusion was further supported by the results in Fig. 2C , which demonstrate that NHBE cells and NHLF were able to repair more of Acrmodified luciferase gene than NER-deficient XPA cells. It is worth noting that NHBE are significantly more efficient in carrying out repair of Acr-dG adducts than NHLF.
To test the possibility that deficiency in repair of Acr-dG adducts formed in NHBE and NHLF is due to the inhibition of NER by Acr, we examined cell lysates isolated from Acr-treated NHBE and NHLF for their capacity to repair the classical NER substrate, UV-irradiated DNAs. Results in the upper panel of Fig. 3A-1 show that the repair capacity in cell lysates isolated from Acr-treated cells has an inverse relationship to the concentrations of Acr, indicating that Acr treatment indeed causes inhibition of NER function.
These results together indicate that Acr-dG adducts are substrates for human NER, but Acr treatment inhibits the repair activity. As a result, Acr-dG adducts are repaired poorly in Acr-treated NHBE and NHLF (Fig. 1C & 1D) . Figs. 1 and 2 that Acr treatment impairs NER raise two questions: 1) What is the mechanism by which Acr exerts the inhibition of NER? 2) Does Acr treatment affect other repair pathways such as BER and MMR? To address these questions, we performed in vitro repair synthesis using UV-irradiated DNA, which is well known NER substrates, and H 2 O 2 -modified DNA as substrates for BER carrying out by cell lysates isolated from Acr-treated NHBE, NHLF and A549 cells. It has been well established that A549 cells are proficient in both NER and BER (19, 31, 32) . Results in Fig. 3A-1 and 3A-2 show that cell lysates isolated from NHBE, NHLF, and A549 cells treated with different concentrations of Acr show diminished activity in carrying out UV-induced-and oxidative-DNA-damagedependent repair synthesis, indicating that Acr treatment inhibits BER as well as NER.
Acr inhibits nucleotide excision repair (NER), base excision repair (BER), and mismatch repair (MMR). The results shown in
Since Acr can react with not only DNA but also proteins, two possible mechanisms can account for the rather general effect of Acr on NER and BER: 1) Acr treatment suppresses repair gene expression; and 2) Acr modifies repair proteins and causes repair protein dysfunction. To test the second possibility, we determined the effect of Acr on DNA repair by adding Acr directly to cell lysates. The results in Figs. 3B-3 and 3B-4 show that adding Acr directly to the cell lysates inhibits the activity of cell lysates in carrying out NER and BER. These results suggest that the Acr inhibitory effect on NER and BER is via its direct interaction with the DNA repair proteins.
To examine the effect of Acr treatment on MMR, nuclear extracts were prepared from HeLa cells with and without Acr treatment and MMR assays were carried out using an in vitro MMR assay [ (Fig. 4A and Refs. (28, 29) ]. Consistent with previous observations, nuclear extracts derived from untreated HeLa cells are competent in MMR (Fig. 4B, lane 1) (28,29) . However, nuclear extracts isolated from Acr-treated HeLa cells exhibited little MMR activity (Fig. 4B,  lane 2) , suggesting that Acr also impairs the MMR system. To determine the mechanism by which Acr inhibits MMR, we directly treated nuclear extracts isolated from untreated HeLa cells with Acr and measured the MMR activity of the treated extracts. The results revealed that the in vitro Acr treatment resulted in a significant (75%) reduction in MMR activity (Fig. 4B, lane 4) , supporting the interpretation that the inhibitory effect on DNA repair activity by Acr is due to protein modifications.
To further test this possibility we examined both steady state levels of mRNA and protein levels of key components required for NER (XPA and XPC), BER (hOGG1) and MMR (MLH1, MSH2, and PMS2) (33) . We found that these repair proteins are highly expressed in A549 cells. However, Acr treatment causes a dosedependent reduction of XPA, XPC, hOGG1, PMS2 and MLH1 proteins but has no effect on MSH2 and Ref1 (Fig. 5A) . In contrast, Acr treatment does not affect the mRNA levels of these genes (Fig. 5B) . These results further indicate that Acr impairs NER, BER, and MMR processes through its specific effects on repair proteins rather than their gene transcriptions. Similar results were also observed in Acr-treated NHBE and NHLF (Fig. 5D & 5E) . It has been long recognized that Acr can form Schiff base and carbonylate with amino acid such as lysine, cysteine, and histidine (1). It is possible that Acr-modifications cause protein conformation change and that these Acr-modified proteins are subjected to degradation via proteasome similar to multiple ubiquitinated proteins (33) . To test this possibility, cells were pretreated with the proteasome inhibitor MG132 (20 µM for 1 h) and then treated with Acr. Results in Fig. 5C show that Acr does not cause a reduction of repair proteins in cells pretreated with the proteasome inhibitor MG132, indicating that Acr-modified repair proteins are degraded by proteasomes. This Acr modification induced proteasomedependent repair protein degradation, however, does not occur in cell lysates treated with Acr directly (Fig. 5F ) even though the repair capacity in these cell lysates is greatly reduced (Fig. 3B) . These results together suggest that Acrmodification is sufficient to cause repair protein dysfunction.
Acr treatment enhances ultraviolet (UV) light, benzo(a)pyrene diol epoxide (BPDE)
, and oxidative DNA damage induced mutagenesis. Since Acr treatment causes XPA, XPC, and hOGG1 repair protein degradation and inhibits NER and BER, we expect Acr treatment will enhance bulky and oxidative DNA damage-induced mutagenesis. To examine this possibility pSP189 shuttle vectors containing supF gene were irradiated with UV (254 nm), modified with BPDE, or modified with H 2 O 2 and then transfected into NHLF with and without Acr treatment (10 µM for 1 h). After 72 h incubation allowing DNA repair and subsequent replication of the transfected shuttle vectors to take place, the plasmid DNAs were recovered and the supF mutations were detected by transforming the recovered plasmid DNAs into indicator E. coli cells. Results in Table 1 show that supF mutation frequencies were significantly higher in shuttle vectors that were transfected into Acr-treated cells than control cells. The same Acr treatment enhances H 2 O 2 -and UV-induced mutations by 2-fold (P<0.05) and BPDE-induced mutations by 4-fold (P<0.03). These results are consistent with the interpretation that Acr treatment inhibits DNA repair by NER, BER and MMR.
DISCUSSION
It is quite intriguing that while Acr-dG adducts are clearly shown to be substrates for NER, Acr-dG adducts are not repaired in Acr-treated human lung cells which are otherwise NER proficient. We pursued a possible explanation to account for these puzzling results by looking for mechanism by which Acr treatment also inhibits DNA repair. Our results here show that Acr treatment indeed inhibits not only NER, but also BER and MMR. The fact that Acr inhibits multiple DNA repair pathways, which are controlled by different repair proteins, raises the possibility that the effects of Acr on DNA repair occur mainly through mechanisms other than altered gene expression. We found indeed that adding Acr to the cell lysates also inhibits NER, BER, and MMR, and that Acr treatment does not down-regulate the mRNA levels of DNA repair genes such as XPA, XPC, hOGG1, MLH1, and PMS2. Furthermore, we found that Acr causes a dose-dependent reduction of these repair proteins. These findings together, lead us to conclude that effect of Acr on DNA repair is primarily through its interaction with the DNA repair proteins.
Acr is rather reactive; it readily reacts with amino acids such as lysine, cysteine and histidine, and covalently bonds with these residues through Michael addition (1). It has been found that Acr is one of the most effective agents to deplete glutathione (1, 5, 6) . We found that the NHBE are significantly more resistant than A549 cells and NHLF toward Acr induced inhibition of NER and BER capacity. Since these three types of cells are competent in both NER and BER, it is intriguing that Acr causes different extent of inhibition in NER and BER capacity among these three types of cells (Fig 3) . This finding raises the possibility that the glutathione levels in these three types of cells could be different, therefore, the free Acr available to interact with NER and BER proteins in these cells treated with the same amount of Acr will be different. To test this possibility, the levels of glutathione and their sensitivity toward cell viability in these cells were determined. As shown in Supplementary Fig. S2 , NHBE have the relatively higher concentration of glutathione than A549 cells and NHLF, which is consistent with their high resistance to Acr-induced cytotoxicity. These results indicate that it is highly probable that Acr reacts with many cellular components as readily as to genomic DNA. Consequently, in Acr-exposed cells, many more Acr have already reacted with cellular proteins, including repair proteins, when Acr reacts with genomic DNA forming Acr-dG adducts. Since Acr modifications can cause protein dysfunction (1, 5, 6) , this scenario may account for the lack of Acr-dG adduct repair in Acr-treated cells.
We observed significant reduction of XPA, XPC, hOGG1, PMS2, and MLH1 in cells treated with relatively low concentrations of Acr. This Acr-treatmentdependent repair protein reduction appears to be mediated by proteasome degradation. On the other hand, the levels of α-tubulin, MSH2 and Ref1 were not affected in the same Acr-treated cells. Since Acr sensitive amino acids such as Cys, His and Lys are ubiquitous in these proteins these results lead us to propose that only when the Acr modifications cause a significant change of protein conformation, then these modified proteins are subjected to proteasomemediated degradation. It is possible that these extensively Acr-modified proteins are ubiqutinated, which are then subjected to proteasome degradation.
Based on the reactivity of Acr towards cellular components, such as proteins and nucleic acid, it can be expected that the cytotoxicity of Acr may also act through its interaction with other organelles such as mitochondria, that activates death pathways as well as through genotoxicity pathway. It has been found that activation of mitochondria apoptosis is a major cause of Acr cytotoxicity (34) (35) (36) (37) (38) (39) (40) . In accord with the idea, we have recently found that cells with depleted mitochondria are more resistant to Acr (27) .
The fact that we detected Acr-dG DNA adducts in the cells treated with Acr that causes 50-90% cytotoxicity suggests that Acr-dG adducts have potential to induce mutations. Indeed, it has been reported that Acr treatment induces significant mutations in human cells (41) . Our present result also shows that Acr treatment enhances UV-, BPDE-and oxidative-DNA-damage-induced mutagenesis. This suggests that Acr-dG adducts in these Acr treated cells are more likely to induces mutations because the DNA repair mechanisms are inhibited in these cells. If Acr-exposed cells are also coexposed to other mutagens, such as alkylating agents and agents that induce oxidative base damages, a scenario that exists in lung epithelial cells in tobacco smokers, then more than additive mutations can be expected since DNA repair is greatly suppressed by Acr.
In conclusion, we present evidence that Acr treatment induces not only DNA damage but also inhibits DNA repair. The mechanism by which Acr-induced inhibition of DNA repair is through Acr-protein modifications, which likely induce proteasome-dependent degradation of the modified proteins. As a result Acr treatment also enhances both bulky-and oxidative-DNA-damage-induced mutagenesis. Therefore, we propose that the mutagenicity and carcinogenicity of Acr is via a combination of DNA damage and inhibition of DNA repair.
the genomic DNA of Acr-treated cells were detected by the UvrABC incision method as previously described (14, 19) . A & B) in vitro DNA damage dependent repair synthesis (DDR) and (C) host cell reactivation (HCR). (A) DDR was carried out by using cell lysates isolated from untreated NHBE, NHLF, and XPA cells and Acr-modified DNA as substrates. The methods for cell lysate preparation and DDR are the same as previously described (19, 27) . Upper panels are DNA bands stained with ethidium bromide representing the input DNA, and lower panels are radioautograms of the same gel representing the extent of repair synthesis. The relative repair synthesis is shown in (B). (C) HCR was performed by the transfection of Acr-treated luciferase reporter plasmids and unmodified β-galactosidase plasmids into NHBE, NHLF, and XPA cells, and the relative repair capacity was measured the same as previously described (19, 27) . Plasmid DNA was modified with different concentrations of Acr under pH 8 the same as described previously (14, 19, 27) . o C, cell extracts were prepared, and the in vitro DNA damagedependent repair synthesis (DDR) was carried out by the same method as previously described (14, 19, 27) . Upper panels are DNA bands stained with ethidium bromide representing the input DNA, and lower panels are radioautograms of the same gel representing the extent of repair synthesis. o C, the proteins were separated by SDS-PAGE and detected by Western blot (A), and the mRNA levels were detected by RT-PCR (B). In (C) proteasome inhibitor MG132 (20 µM for 1 h) was added to A549 cells before Acr treatment and the proteins were detected by the same method as described in (A). (D & E) NHBE and NHLF were treated with different concentrations of Acr for 1 h at 37 o C. (F) Acr was added directly to cell-free cell lysates (A549), which were used for in vitro repair synthesis, incubated 3 h at 37 o C, and the proteins were detected as in (A). Note: 1) Acr treatment in vivo induces a dose dependent reduction of XPA, XPC, hOGG1, MLH1, and PMS2 proteins but does not affect 
